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SEMCONDUCTOR DEVICE WITH NON 
COMPOUNDED CONTACTS, AND METHOD 

OF MAKING 

This application claims priority from U.S. Provisional 
Application Ser. No. 60/302,941, filed Jul. 3, 2001, which is 
herein incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention relates to Semiconductor devices 

and their manufacture. 
2. Description of the Related Art 
Contacts with Source and drain regions of Semiconductor 

devices such as field effect transistors (FETs) as usually 
made through Semiconductor-metal compound regions, Such 
as Silicide regions. The Semiconductor-metal compound 
regions typically have well-defined boundaries with the 
remainder of the Source and drain regions. Such contacts 
disadvantageously exhibit contact resistance due to the 
significant Schottky barrier across the well-defined bound 

CS. 

SUMMARY OF THE INVENTION 

A Semiconductor device includes Source and drain contact 
regions which include a non-compounded combination of a 
Semiconductor material and at least one metal. The metal 
may include an elemental metal, Such as gold or aluminum, 
or may include an intermetallic. The contact regions may be 
formed by depositing a limited amount of the at least one 
metal on a Source and a drain of the device, and annealing 
the device to induce diffusion of the at least one metal into 
the Source and drain. The annealing time and temperature 
may be selected to limit diffusion of the at least one metal. 

According to an aspect of the invention, a Semiconductor 
device includes an active Semiconductor region having a 
Source and a drain, with a body therebetween, the Source and 
the drain having opposite conductivity from the body; and a 
gate on the active region, operatively coupled with the 
Source, the drain and the body. The Source and the drain 
include respective Source and drain Surface contact regions, 
the contact regions each including a non-compounded com 
bination of a Semiconductor material and at least one metal. 

According to another aspect of the invention, a method of 
making a Semiconductor device includes the Steps of: form 
ing a Source and a drain region on an active Semiconductor 
region; and forming Source and drain contact regions in the 
Source and drain, respectively, the contact regions each 
including a non-compounded combination of a Semiconduc 
tor material and at least one metal. 
To the accomplishment of the foregoing and related ends, 

the invention comprises the features hereinafter fully 
described and particularly pointed out in the claims. The 
following description and the annexed drawings Set forth in 
detail certain illustrative embodiments of the invention. 
These embodiments are indicative, however, of but a few of 
the various ways in which the principles of the invention 
may be employed. Other objects, advantages and novel 
features of the invention will become apparent from the 
following detailed description of the invention when con 
sidered in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the annexed drawings: 
FIG. 1 is a Side cross-sectional Schematic view of a 

Semiconductor device formed in accordance with the present 
invention; and 
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2 
FIGS. 2-5 are side cross-sectional Schematic views illus 

trating various Steps in the manufacture of the device of FIG. 
1. 

DETAILED DESCRIPTION 

A Semiconductor device includes Source and drain contact 
regions with non-compounded combinations of Semicon 
ductor material and at least one metal. The contact regions 
may be formed by depositing a controlled amount of the at 
least one metal on the Source and the drain, followed by 
annealing the device at a temperature below the eutectic 
temperature corresponding to the combination of the Semi 
conductor material and the at least one metal. Process Steps 
Subsequent to the formation of the Source and drain contact 
regions may be in temperature and/or duration So as to avoid 
undesired spreading of the at least one metal in the Semi 
conductor material. For example, the Subsequent Steps may 
be low-temperature processing Steps performed Substan 
tially below the eutectic temperature corresponding to the 
combination of the Semiconductor material and the at least 
one metal. 

Referring initially to FIG. 1, a semiconductor device 10 
includes a wafer 12 with a transistor 14 formed thereupon. 
The wafer 12 may be an SOI wafer (as is shown in FIG. 1), 
or may alternatively be a bulk semiconductor wafer. The 
wafer 12 includes a Semiconductor Substrate 16 and a 
surface semiconductor layer 18, with a insulator layer 20 
therebetween. AS is conventional, the Semiconductor Sub 
strate 16 and the surface semiconductor layer 18 may be 
made of Silicon and the insulator layer 20 may include a 
Silicon oxide Such as SiO, although it will be appreciated 
that other Suitable materials may be used instead or in 
addition. For example, the Semiconductor Substrate 16 and/ 
or the Surface Semiconductor layer 18 may include an 
alternative Semiconductor material Such as gallium arsenide. 
The transistor 14 includes a gate 22 formed on an active 

Semiconductor region 24 of the Surface Semiconductor layer 
18. The gate 22 includes a gate dielectric 26 and a gate 
electrode 28. Exemplary materials for the gate dielectric 26 
are SiO, and SiN. The gate electrode 28 may be made of 
polysilicon or another Semiconductor. Alternatively, the gate 
electrode 28 may be made in whole or in part of metal, with 
Suitable modifications to the device 10 and the below 
described fabrication processes. 

Spacers 30 and 32 are on respective opposite sides of the 
gate 22. An exemplary material for the Spacers 30 and 32 is 
SN. 
The active region 24 includes a body 38, with a source 40 

and a drain 42 on respective opposite sides of the body. The 
Source 40 and the drain 42 have respective Source and drain 
extensions 46 and 48. The body includes a channel 50 
between the source 40 and the drain 42 along the underside 
of the gate dielectric 26. As is conventional, the body 38 is 
of different conductivity semiconductor material than the 
Source 40 and the drain 42. For instance, the body 38 may 
be P-conductivity silicon while the source 40 and the drain 
42 may be N-conductivity silicon. Alternatively, the body 38 
may be N-conductivity silicon while the source 40 and the 
drain 42 may be P-conductivity silicon. Typical dopant 
materials for achieving N-type conductivity include P, AS, 
and Sb. Typical dopant materials for achieving P-type con 
ductivity include Al, Ga, B, BF, and In. The dopants may 
be placed in the active layer 24 when the layer or Semicon 
ductor material is formed. Alternatively or in addition, the 
dopants for one or more of the regions may be added in a 
later processing Step, Such as in one or more implanting 
operations. 
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The Source 40, the drain 42, and the channel 50, are 
operatively coupled with the gate 22 to function as a 
transistor. The gate electrode 28, the source 40, and the drain 
42, have respective contact regions, a gate contact region 58, 
a Source contact region 60, and a drain contact region 62. 
The contact regions 58-62 provide a means for electrically 
connecting the gate electrode 28, the Source 40, and the drain 
42, to respective metal contacts 64, 66, and 68. As explained 
in greater detail below, the contact regions 58-62 include a 
non-compounded combination of a Semiconductor material 
and at least one metal. 

The metal contacts 64–68 electrically couple the gate 
electrode 28, the source 40, and the drain 42, to an array of 
electrical conductors 70, which are coupled to electrical 
devices Such as potential Sources, for providing current, 
and/or Voltage to the gate electrode 28, the Source 40, and 
the drain 42. The metal contacts 64-68 include respective 
plugs 72-74, with respective barrier caps 76-78 between the 
plugs and the contact regions 58-62. The plugs 72-74 may 
include tungsten. The barrier caps 76-78 may include a 
barrier metal Such as titanium, and another layer Such as a 
layer of titanium nitride. The barrier metal may have a 
thickness of about 600 Angstroms, and the additional layer 
may have a thickness of about 150 Angstroms. The barrier 
caps 76-78 prevent the materials of the plugs from contami 
nating the gate electrode 28, the Source 40, and the drain 42. 
An insulator material 80 is between adjacent pairs of the 
metal contacts 64–68, forming a base for Supporting the 
electrical conductors 70. 

The electrical conductors 70 may be common metallic 
conductors, Such as aluminum or copper. AS is conventional, 
the conductors 70 are multiple layers, with electrical insu 
lator layers between layers of conductive material in the 
array of electrical conductors 70. The insulator material of 
the insulator layerS may include a Semiconductor oxide, a 
Semiconductor nitride, and/or a Semiconductor oxy-nitride. 

The active region 24 is laterally isolated from other 
structures of the device 10 by insulator-filled trenches 82 and 
84 on opposite sides of the active region. The insulator-filled 
trenches 82 and 84 may be trenches filled with silicon 
dioxide (SiO2), produced using known shallow trench iso 
lation (STI) techniques. It will be appreciated that other 
Suitable isolation Structures/techniques may be used alter 
natively or in addition. 
As stated above, the contact regions 58-62 include a 

non-compounded combination of Semiconductor material 
and at least one metal (referred to for brevity as “non 
compounded combinations”). “Non-compounded 
combination,” as used herein, excludes Stoichiometric com 
binations of materials, Such as Semiconductor-metal com 
pounds like Silicides. An analogy may drawn to the distinc 
tion in metal-metal combinations between conventional 
metal alloys, a disordered combination of two metals 
(analogous to the non-compounded combinations in the 
contact regions 58–62), and stoichiometric intermetallic 
compounds of metals (analogous to conventional 
Semiconductor-metal compounds Such as Silicides). 

The term “non-compounded combinations” is further 
limited to essentially electrically conducting combinations, 
as opposed to essentially Semiconductive combinations Such 
as doped Semiconductor materials. 
The at least one metal in the non-compounded combina 

tion may be an elemental metal. Exemplary elemental met 
als include gold, aluminum, arsenic, antimony, bismuth, and 
indium, although it will be appreciated that Suitable other 
metals be used. The elemental metal may be a metal which 
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4 
is incapable of forming Stoichiometric combinations with 
the Semiconductor material. Alternatively, the elemental 
metal may be capable of forming of a Stoichiometric com 
pound with the Semiconductor material, but may introduced 
into the Semiconductor material in a manner Such that the 
Stoichiometric compound either is not formed, or is formed 
in insubstantial amounts. For example, the elemental metal 
may be introduced into the Semiconductor material at a 
temperature Sufficiently below the eutectic temperature of 
the combination, Such that formation of the Stoichiometric 
metal-Semiconductor compound is inhibited. 

Further, additional processing of the Semiconductor 
device 10 may be conducted under Such conditions So as to 
inhibit formation of Stoichiometric metal-Semiconductor 
compounds and/or to avoid undesirable overspreading of the 
non-compounded combination. For example, Such addi 
tional processing may be low-temperature processing per 
formed sufficiently below the eutectic temperature of the 
combination of the Semiconductor material and the elemen 
tal metal. It will be appreciated that the conditions for 
inhibiting formation of Stoichiometric compounds and for 
avoiding overspreading non-compounded combinations will 
depend at least on the Semiconductor material and metal 
involved. 

Alternatively, the at least one metal may itself be an 
intermetallic. The intermetallic may be an intermetallic that 
is Substantially incapable of forming Stoichiometric com 
pounds with the Semiconductor material. Alternatively, the 
intermetallic may be introduced into the Semiconductor 
material in Such as a way and under Such conditions that 
formation of Stoichiometric metal-Semiconductor com 
pounds is inhibited. An example of a Suitable intermetallic 
is aluminum/gold. Suitable precautions, Such as those dis 
cussed above with regard to elemental metals, may be made 
to inhibit formation of Stoichiometric Semiconductor-metal 
compounds and/or to prevent overspreading of the non 
compounded combinations. 
The contact regions 58-62 may have a depth of 200 

Angstroms or less, and may have a depth of 100 Angstroms 
or less. It will be appreciated that the contact regions 58-62 
do not have sharply defined boundaries with the gate elec 
trode 28, the Source 40, and the drain 42. Thus the concen 
tration of non-compounded combination continuously vary 
from a peak value, for example at the Surfaces of the contact 
regions 58–62, to at or near Zero in the adjoining Semicon 
ductor material regions. The lack of a sharply-defined 
boundary between the contact regions 58-62 and the adjoin 
ing Semiconductor material may result in a lower contact 
resistance for the contact regions 58-62, when compared 
with metal-Semiconductor compound contact regions Such 
as Silicide regions. This may be due to the lack of or 
reduction of an energy barrier between the contact regions 
58-62 and the adjoining semiconductor material. In con 
ventional devices, Such an energy barrier occurs at the 
boundary of the metal-Semiconductor compound regions, 
and results in contact resistance, which leads to inefficient 
device performance. The contact regions 58-62 may reduce 
or avoid this contact resistance problem by reducing or 
eliminating the energy barrier, and may combine high con 
ductivity with low contact resistance. 

FIGS. 2-5 illustrate some of the steps in the manufacture 
of the semiconductor device 10. Starting with a readily 
available SOI wafer 12, basic structures for the transistor 14 
are produced using well-known methods described below, 
resulting in the device 10 shown in FIG. 2. 
The insulator-filled trenches may be formed using con 

ventional well-known shallow trench isolation (STI) tech 
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niques. An exemplary proceSS for forming the insulating 
trenches 82 and 84 includes forming a thin layer of oxide, 
approximately 150-200 Angstroms thick, on the surface of 
the SOI wafer 12, and forming a silicon nitride mask 
thereon. The mask covers and protects the Substrate in the 
area where the active region 24 are to be formed while 
leaving exposed the area where the insulator-filled trenches 
82 and 84 are to be formed. 

Thereafter, the unmasked portions of the Semiconductor 
Surface layer 18 (e.g. the portions where the Silicon nitride 
mask has been etched away) are etched away to form an 
open trench extending at least past the upper Surface of the 
insulator layer 20. The etching process for a Silicon Substrate 
is typically an anisotropic etch using hydrogen bromide 
(HBr) which has selectivity characteristics such that it etches 
the Silicon Substrate but not the Silicon nitride mask. 

The open trench is filled by depositing Silicon dioxide 
(SiO2), formed by a chemical reaction involving SiH4 or 
TEOS, to form the insulating trenches 82 and 84. After 
filling the open trench the Surface of the wafer is polished 
using a chemical mechanical polish to remove any exceSS 
Silicon dioxide layer and the remaining Silicon nitride mask. 

It will be appreciated that the trenching may be performed 
at another Suitable point in the process, either earlier or later, 
if desired. 

Thereafter the gate 22 is formed on the active region 24. 
The gate 22, may be formed using well-known processes. 
For example, a layer of dielectric material may be deposited 
on a surface of the SOI wafer 12, with a layer of semicon 
ductor material then deposited thereupon. The layerS may 
selectively be etched to form the gate dielectric 26 and the 
gate electrode 28. The gate electrode 28 may be made out of 
polysilicon which may be deposited using well-known pro 
ceSSes Such as low pressure chemical vapor deposition 
(LPCVD). 

Portions of the Silicon on opposing Sides of the active 
region 24 that are not masked by the gate 22 then may be 
doped to produce the source 40 and the drain 42. Such 
doping may be formed in a two-step doping process, with a 
low-energy doping to create the extensions 46 and 48, 
followed by formation of the spacers 30 and 32, and then a 
high-energy doping to create the remainder of the Source 40 
and the drain 42. Because the ions cannot penetrate the gate 
22, the gate effectively operates as a doping mask, protecting 
the region of the Semiconductor layer 18 underneath the gate 
from doping. 

To form the spacers 30 and 32, a conformal dielectric 
layer (e.g., SiN) may be deposited on the SOI wafer 12 and 
on the gate 22. Parts of the dielectric layer are then Selec 
tively removed to leave respective gate Source-Side and 
drain-side spacers 30 and 32. The deposit of the dielectric 
material and its Selective removal may be accomplished by 
conventional means, for example chemical vapor deposition 
(CVD) such as LPCVD or plasma enhanced chemical vapor 
deposition (PECVD), of silicon dioxide, followed by aniso 
tropic etching using Suitable, well-known etchants, an exem 
plary etchant being CHF. 

Alternatively, tilted implants may be used to form the 
Source extension 46 and the drain extension 48. 

Turning now to FIG. 3, a metal layer 100 is deposited on 
the device 10. The metal layer 100 contains the at least one 
metal Subsequently to be combined with the Semiconductor 
material of the active layer 24, to form the contact regions 
58-62. The metal layer 100 may be deposited by conven 
tional means, such as by CVD. The thickness of the metal 
layer 100 may be carefully controlled in order to limit the 
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6 
amount of the at least one metal to be introduced into the 
gate electrode 28, the source 40, and the drain 42. For 
example, the thickness of the metal layer 100 may be from 
about 50 angstroms to about 200 angstroms. 

It will be appreciated that the at least one metal may be 
deposited on the gate electrode 28, the source 40, and/or the 
drain 42 by other suitable means and in other suitable 
configurations. 
As shown in FIG. 4, the semiconductor device 10 is then 

heated, causing the metal of the metal layer 100 to migrate 
into the gate electrode 28, the source 40, and the drain 42. 
AS discussed above, the annealing temperature and/or the 
annealing time may be Selected to avoid Stoichiometric 
compounding between the metal and the Semiconductor 
material, and/or to avoid overspreading of the metal within 
the gate electrode 28, the source 40, and/or the drain 42. For 
gold with Silicon, an exemplary heating temperature is about 
395 C. (degrees C.) and an exemplary heating time is on the 
order of Seconds. For aluminum and Silicon, an exemplary 
heating temperature is from about 450 to 500 C. and an 
exemplary heating time is on the order of minutes. However, 
it will be appreciated that the actual temperatures and times 
used may be highly dependent on Such variables as the 
materials involved (the metal and the Semiconductor 
material), the dimensions of the various regions of the 
transistor 14, and the desired properties of the Semiconduc 
tor device 10. 
The annealing may cause Substantially all of the metal of 

the metal layer 100 to migrate into the gate electrode 28, the 
Source 40, and the drain 42. Alternatively, there may be 
unmigrated metal of the metal layer 100 remaining after the 
annealing. Such unmigrated metal may be removed follow 
ing the annealing by Suitable well-known means. 

Referring now to FIG. 5, the insulator material 80 and the 
metal contacts 64-68 are formed. The insulator material 80 
may be deposited and planarized by well-known Suitable 
methods. The insulator material 80 is then etched to make 
openings for the metal contacts 64-68. The barrier caps 
76-78 of the metal contacts may be formed by depositing 
600 angstroms of titanium, followed by a deposition of 150 
angstroms of titanium nitride. The depositions may be 
accomplished by Suitable well-known methods, Such as 
CVD. A rapid thermal anneal (RTA) may then be conducted, 
followed by deposition and polishing of a conductive metal 
Such as tungsten, thereby forming the plugs 72-74. 
The electrical conductors 70 may then be formed, result 

ing in the semiconductor device 10 shown in FIG. 1. 
It will be appreciated that the process shown in FIGS. 2-5 

is but one example of a Suitable process for forming the 
device 10 of FIG. 1, and that a wide variety of suitable 
variants may be possible. For example, Steps may be com 
bined or performed in a different order, if suitable. 

Although the invention has been shown and described 
with respect to a certain embodiment or embodiments, it is 
obvious that equivalent alterations and modifications will 
occur to otherS Skilled in the art upon the reading and 
understanding of this specification and the annexed draw 
ings. In particular regard to the various functions performed 
by the above described elements (components, assemblies, 
devices, compositions, etc.), the terms (including a reference 
to a “means”) used to describe Such elements are intended to 
correspond, unless otherwise indicated, to any element 
which performs the specified function of the described 
element (i.e., that is functionally equivalent), even though 
not structurally equivalent to the disclosed Structure which 
performs the function in the herein illustrated exemplary 



US 6,872,644 B1 
7 

embodiment or embodiments of the invention. In addition, 
while a particular feature of the invention may have been 
described above with respect to only one or more of several 
illustrated embodiments, Such feature may be combined 
with one or more other features of the other embodiments, 
as may be desired and advantageous for any given or 
particular application. 
What is claimed is: 
1. A method of making a Semiconductor device, compris 

ing: 
forming a Source and a drain in an active Semiconductor 

region; and 
forming Source and drain contact regions in the Source 

and drain, respectively, the contact regions each includ 
ing a non-compounded combination of a Semiconduc 
tor material and an intermetallic, 

wherein the forming the contact regions includes dispers 
ing the intermetallic within the Semiconductor material 
without compounding the intermetallic with the Semi 
conductor material; 

wherein the forming the contact regions includes: 
depositing a metal layer that includes the intermetallic, 

on the Source and the drain, and 
annealing the device to allow ingreSS of the interme 

tallic to form the contact regions, without com 
pounding the intermetallic with the Semiconductor 
material; and 

wherein the intermetallic includes both gold and alumi 
U. 

2. The method of claim 1, wherein further processing 
steps after the forming the source and drain contact regions 
are performed at a temperature below the eutectic tempera 
ture of the non-compounded combination. 

3. The method of claim 1, wherein the annealing occurs 
at a temperature no greater then about 500 C. 

4. The method of claim 1, 
wherein the depositing includes depositing the metal layer 

also on a gate atop the active Semiconductor region; 
and 
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wherein the annealing also includes allowing ingreSS of 

the intermetallic of the metal layer into the gate to form 
a gate contact region, without compounding the inter 
metallic with gate Semiconductor material. 

5. A method of making a Semiconductor device, compris 
ing: 

depositing a metal layer on at least one of a Source and a 
drain of an active Semiconductor region; and 

annealing the device to allow ingreSS of metal of the metal 
layer into the at least one of the Source and the drain to 
form at least one contact region in the at least one of the 
Source and the drain; 

wherein the metal layer is an intermetallic layer; and 
wherein the intermetallic layer includes both gold and 

aluminum. 
6. The method of claim 5, 
wherein the depositing includes depositing the metal layer 

also on a gate atop the active Semiconductor region; 
and 

wherein the annealing also includes allowing ingreSS of 
the intermetallic of the metal layer into the gate to form 
a gate contact region, without compounding the inter 
metallic with gate Semiconductor material. 

7. The method of claim 5, wherein further processing 
StepS after the depositing and the annealing are performed at 
a temperature below the eutectic temperature of the contact 
region. 

8. The method of claim 5, wherein the annealing occurs 
at a temperature no greater than about 500 C. 

9. The method of claim 5, wherein the at least one contact 
region formed by the annealing is a non-compounded com 
bination of Semiconductor material of the active Semicon 
ductor region, and intermetallic material of the intermetallic 
layer. 


